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Catalog  of  Absolutely  Calibrated,  Range  Normalized, 
Wideband,  Electric  Field  Waveforms  from  Triggered 

Lightning  Flashes  in  Florida 


1.  INTRODUCTION 


During  the  summer  of  1987  a  field  experiment  was  conducted  at  the  NASA  Kennedy  Space  Center  (KSC)  in 
Florida  to  study  rocket-triggered-lightning  flashes.  The  etperimoit  was  a  coopo’ative  effort  of  the  Office  National 
d'Etudes  et  de  Recherches  Aerospatiales  (ONQtA),  the  Centre  Etudes  Nucleaires  de  Grenoble  (CENG),  the  Centre 
National  d'Etudes  des  Telecommunications  (CNET),  the  State  University  of  New  York  at  Albany  (SUNYA),  and  the 
U.S.  Naval  Research  Laboratory  (NRL).  The  activities  of  these  participants  are  described  by  Eybert-Berard  et  al.’ 
The  lightning  was  triggered  by  CENG  with  small  rockets  trailing  grounded  wires.  Currents  and  currmit  derivatives 
were  measured  by  CENG  and  CNET.  High-speed  photographic  measurements  of  stroke-propagation  velocities  were 
made  by  SUNYA,  and  electric  fields  and  field  derivatives  (dE/dt)  were  recorded  by  NRL.  This  report  presents  the 
triggered-lightning  electric-field  data  collected  by  NRL. 


2.  1987  KSC  ROCKET-TRIGGERED  LIGHTNING  PROGRAM 


The  1987  triggered-lightning  experiment  was  a  sequel  to  the  1985  KSC  rocket-triggered  program  described  by 
Willett  et  al.^  In  addition  to  the  over-land  trigger  site  used  in  1985,  the  1987  experiment  utilized  an  over-water 
triggering  platform  that  was  located  in  shallow,  brackish  waters  not  far  from  the  over-land  pad,  as  described  by  Willett 
et  al^  and  by  Le  Vine  et  al.^  The  propagation  paths  from  the  two  trigger  sites  were  almost  entirely  over  the  brackish 
water  at  the  Mosquito  Lagoon.  Maps  of  KSC  showing  the  locations  of  measurements  are  presented  in  the  two  papers 
cited  above. 
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The  1987  rocket-triggering  experiment  recorded  electric-field  waveforms  from  33  return  strokes  in  nine  triggered 
flashes  to  the  over- water  triggoing  platform  and  21  return  strokes  in  seven  triggmed  flashes  to  the  over-land 
triggering  site.  The  dates  of  these  recordings  were  30  and  31  July  and  19  August  1987. 


3.  DATA  PLOTS 


The  data  plots  of  the  triggered-lightning  flashes  for  the  three  days  are  shown  in  the  appendices.  These  plots  use 
formats  identical  to  those  in  the  two  volumes  of  data  by  Bailey  and  Willett^  and  by  Izumi  and  Willett^  .  Much  of  the 
discussion  of  the  instrumentation  and  plots  in  these  two  reports  is  repeated  below  to  make  the  present  rqiort  conqilete. 
Descriptions  of  the  instrumentation  and  calibrations  can  also  be  found  in  Willett  et  al^  and  Willett  et  al.* 

The  data-acquisition  system  recorded  an  entire  triggered-lightning  flash  with  modo'ate  time  resolution  as  well  as 
recording  many  of  the  return  strokes  within  the  flash  with  much  higher  resolution.  The  high-resolution  data  were 
obtained  from  triggered  10-bit  digitizers  sanq)ling  the  "fast  electric  field”  (fast  E)  and  high-frequency  energy  spectral 
density  (fast  HP)  at  10^  samples  per  second  and  from  8-bit  digitizers  sanqiling  the  time  derivative  of  the  electric  field 
(dE/dt)  at  10*  samples  per  second.  Two  digitizers  were  used  to  record  dE/dt  so  that  one  could  be  q)erated  at  half  the 
gain  of  the  other  to  increase  the  effective  dynamic  range.  Unfortunately,  the  low-gain  digitizer  introduced  occasional 
artifacts  in  the  form  of  one-sample-vride  spikes  in  the  digital  data  stream.  In  practice  it  was  easy  to  recognize  these 
spikes  by  eye,  so  that  they  did  not  seriously  compromise  data  quality. 

EithCT  4096  or  2048  samples  of  high-resolution  data  were  recorded  by  each  digitizer  during  each  stroke,  and 
these  records  will,  hereafter,  be  referred  to  as  the  40%  data  or  the  2048  data,  respectively.  The  change  from  4096  or 
2048  data  was  made  in  mid-season  to  decrease  the  dead  time  between  high-resolution  records  from  23  ms  to  13  ms. 
The  duration  of  a  single  triggo'ed-lightning  flash  was  deflned  by  two  slow  digitizers  that  sampled  the  "slow  electric 
field”  (slow  E)  and  the  peak  HF  energy  spectral  density  (slow  HF)  at  3  x  lO**  sanqiles  per  second  for  a  period  of  1.31  s 
starting  492  ms  before  the  first  trigger. 

The  high  resolution  data  for  each  triggered  stroke  is  represented  by  a  "fast  page”  in  the  appendices.  Each  fast 
page  uses  the  same  format  The  title  line  comprises  the  dale/time  group,  the  event  type  (which  is  “triggered  stroke”  in 
all  but  two  of  these  events),  and,  enclosed  within  parentheses,  the  flxed  range  of  3.16  km.  The  date/time  group  gives 
the  time  of  the  trigger.  For  example,  the  dateAime  of  21 1230644.229  for  the  first  plot  in  the  appendices  is  interpreted 
as  the  Julian  date  of  21 1,  23rd  hour,  06th  minute,  and  44.229  seconds.  The  time  used  in  all  the  figures  is  the  universal 
time  (UT);  four  hours  must  be  subtracted  to  convert  to  Eastern  Daylight  Time.  On  the  left  side  of  the  fast  page  are 
plotted  the  fast  E  (V/m)  waveform  at  the  top  and  the  fast  HF  (V  m'*  Hz-'  f  waveform  at  the  bottom,  both  at  a 
resolution  of  1(X)  nsec  per  sample  for  a  total  time  of  0.4098  ms  for  the  40%  data  or  0.2048  ms  for  the  2048  data.  On 
the  right  side  is  plotted  the  dE/dt  (V  m  '  ps  ')  waveform  at  the  bottom,  at  a  resolution  of  10  n/s  per  sample  for  a  total 
time  of  40.%  or  20.48  s,  as  the  case  may  be.  The  correspmiding  portion  of  the  fast  E  waveform  (magnified)  is 
displayed  above  the  dE/dt  waveform. 

The  fast  pages  for  a  given  flash  are  followed  by  a  "slow  page”,  which  shows  the  context  of  each  event  within  the 
entire  flash.  The  slow  page  title  line  contains  the  start  time  of  the  record,  the  date,  and,  in  parentheses,  the  range  of 
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5.16  km.  The  slow  E  (V/m)  waveform  is  at  the  top.  and  the  slow  HP  (V  m'*  Hr*  f  waveform  is  at  die  bottom,  both  at 
a  resolution  of  20  its  per  sanqile  for  a  total  time  of  1.31  s.  The  trigger  times  for  the  fast  events  are  indicated  by  tick 
marks  beneath  the  slow  HF  record. 

At  this  point,  a  number  of  comments  should  be  made  regarding  the  data  and  the  plots.  The  figures  in  the 
^)pendices  are  identified  by  the  event  time  rather  than  by  figure  number.  The  linear  scales  of  the  ordinates  can  vary 
from  plot  to  plot,  since  a  scale  appropriate  to  each  individual  waveform  is  selected.  Whenever  digitizers  are  saturated, 
the  saturation  levels  are  indicated  on  the  plots  by  dashed  horizontal  lines.  For  the  dE/dt  waveforms,  if  the  high-gain 
100  MHz  digitizo-  exhibits  saturation,  a  second  fast  page  is  included  for  the  event,  showing  the  unsaturated  data  from 
the  low-gain  dE/dt  digitizer.  Inclusion  of  both  records  makes  it  easier  to  recognize  the  artifacts  that  were  sometimes 
present  in  the  low-gain  data.  The  sign  convention  used  throughout  the  report  is  the  normal  physics  convention.  That 
is,  an  upward  electric  field  is  produced  by  negative  charge  overhead  and  is  positive.  A  normal  return  stroke  that 
lowers  negative  charge  to  Earth  thus  produces  a  negative  field  change. 

It  should  be  noted  that,  because  of  the  nature  of  the  fast  and  slow  integrators,  there  is  no  absolute  electric-field 
zero.  For  this  reason,  and  also  to  remove  any  electronic  zero  drifts  from  the  data,  zeros  were  computed  numerically 
from  each  record.  The  fast  and  slow  HF  zero  levels  were  set  to  the  minimum  value  of  the  respective  HF  record.  The 
slow  E  zero  was  equated  to  the  average  of  the  maximum  and  minimum  values.  The  other  two  zn^o  levels  were 
determined  by  dividing  the  full  records  into  four  quadrants  of  identical  length.  The  fast  E  zero  level  was  equated  to 
the  average  of  the  first  quadrant,  whereas  the  dE/dt  zero  level  was  taken  as  die  average  of  the  first  and  fourth 
quadrants. 

All  li^tning  waveforms  presented  in  this  report,  except  the  slow  E,  have  been  range  normalized  to  100  km.  The 
original  data  can  be  reconstructed  by  mulUplying  the  fast  E  and  dE/dt  waveforms  by  (lOOifrange),  multiplying  fast  and 
slow  HF  by  (100/range)^,  and  leaving  the  slow  E  alone.  All  the  data  in  this  rqiort  were  obtained  with  the  digitizers 
triggered  by  the  fast  HF  signal.  The  HF-receiver  center  frequency  was  5  MHz. 

The  data  plots  presented  in  Appendix  A  are  the  over-water,  triggered-lightning  data  for  30  and  31  July  and  19 
August  1987.  Those  in  Appendix  B  ate  the  over-land  data  for  the  same  three  days.  All  data  in  July  were  4098  data 
and  those  in  August  were  '*048  data. 

As  mentioned  before,  .;arly  all  of  the  fast  plots  had  'Triggered  stroke”  as  the  event  type.  There  were  two 
excqitions,  however,  both  in  Appendix  A.  The  4096  data  with  time  21221 1544.078  on  31  July  was  labeled  ‘Tipward 
negative  leader".  This  is  the  event  that  burned  out  the  Ifrench  current  shunt  on  flash  8721 .  The  2048  data  with  time 
231221 139.772  on  19  August  was  labeled  "leader  in  altitude  flash".  This  flash  8733  resulted  from  an  “altitude”  rocket 
fired  from  the  water  pad  whose  negative  downward  leader  struck  the  land  pad.  The  early  portion  of  the  slow  data 
from  each  of  these  flashes  has  been  expanded  to  the  limits  permitted  by  the  slow  digitizers  and  presented  following  the 
respective  slow  page.  In  both  plots  the  "0”  time  is  the  time  of  the  first  trigger  and  is  listed  in  the  title  line  above. 
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Appendix  A 


Over-Water  Plots 


4096  Data 
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